Background: Sentinel lymph node biopsy (SLNB) is standard care to evaluate axillary involvement in early breast cancer. It has fewer complications than complete lymph node dissection; however, using blue dye in SLNB is controversial. We have evaluated the detection rate and local complications associated with methylene blue dye (MBD) used in SLNB in early breast cancer patients and compared these results to patent blue dye (PBD). Materials and Methods: In a cohort prospective study, 312 patients with early breast cancer without axillary lymph node involvement were divided into two groups according to dye type. All of the patients received radiotracer and one type of blue dye. We filled out a checklist for the patients that contained demographic data, size of tumor, stage, detection of sentinel lymph node, and complications and then analyzed the data. Results: Demographic and histopathologic characteristics were not significantly different in both groups. Mean (standard deviation [SD]) tumor size in all patients was 2.4 (0.8) cm. Detection rate in the MBD group was 77.5% with dye alone and 94.2% with dye and radioisotope; and in the PBD group it was 80.1% and 92.9% respectively (P > 0.05). We had blue discoloration of the skin in 23.7% in the PBD and 14.1% in the MBD group (P < 0.05) local inflammation was detected in one patient in the PBD and five in the MBD group (P < 0.05). Skin necrosis and systemic complications were not observed. Conclusion: Methylene blue has an acceptable detection rate, which may be a good alternative in SLNB. Complication such as blue discoloration of the skin was also lower with MBD.
Two techniques exist to locate the SLN (radionuclide injection and blue dye injection), and simultaneous use of both methods has better detection rates. [5, 6] SLN mapping is used in many cancers such as melanoma, breast, endometrial, vulvar, thyroid, colon, nonsmall cell lung cancer, and squamous cell carcinoma of the head and neck. [7] Different types of blue dye are used for SLNB; however, none of them are considered to be the gold standard. Isosulfan blue is one of the most common dyes that is used in researches, but due to the anaphylactic reaction that patients have after its injection there are some concerns regarding it use. [6] Patent blue dye (PBD) is another dye used in SLN evaluation with reports of anaphylactic reactions as well. [8] Methylene blue dye (MBD) is an available dye that has less systemic complications in the literature. Furthermore, it is less expensive than the others and in countries with limited resources this is an important feature, [9] but there have been reports of skin and fat necrosis associated with its usage.
INTRODUCTION
Breast cancer is the most prevalent cancer in women worldwide as well as in our country, greatly affecting the quality of life of those affected. [1] However, nowadays newer and less invasive techniques in breast cancer detection and staging can help in better prognosis and treatment of those affected. Sentinel lymph node biopsy (SLNB) involves identifying, removing, and analyzing the first lymph node (the sentinel lymph node [SLN] ) that drains lymphatic fluid from the primary tumor and it is the preferred technique for staging in patients without clinical axillary lymphadenopathy. Moreover, compared with complete axillary dissection, SLNB has less complications such as lymphedema, nerve injury or future lymphangiosarcoma. Furthermore, axillary lymph node involvement is the most important predictor in breast cancer patients. [2] [3] [4] In the current study, we compared two commonly available blue dyes in our region (MBD and PBD) to detect the SLN, and we evaluated their local complications.
MATERIALS AND METHODS
This was a prospective cohort study carried out on 312 patients with early breast cancer without axillary lymph node involvement. It was carried out in the teaching medical centers of the Mashhad University of Medical Sciences, Mashhad, Iran, between February 2010 and December 2012.
The patients were divided into two groups according to the type of dye selection (156 in each group). This study was performed in two centers with the same surgery team that also participated in our research. One type of blue dye is used more in each center based on availability. After admission to the hospital, the patients randomly received one of the blue dyes.
Patients with a diagnosis of breast cancer (diagnosed by needle biopsy or open surgical biopsy) with T1, T2 (tumor size <5 cm), without axillary lymph node involvement in a clinical exam, were enrolled in the study. They were divided into two groups according to the type of dye injection. Patients with T3, T4, and inflammatory cancers, and palpable axillary lymphatic nodes, including pregnant patients, those who were going to have an axillary surgery, male patients, and those with a history of neo-adjuvant chemotherapy were not included.
All patients received a preoperative intradermal injection of technetium-99 m-phytate in the periareolar area and had a subsequent lymphoscintigraphy in our nuclear medicine department the morning of the surgery. Then, in the operating room the surgeon injected 2 cc of blue dye in the subareolar before the procedure.
Biopsy technique
After general anesthesia and dye injection, a 3-4 cm incision was made in the axillary region (on the hairline), the blue node [ Figure 1 ] or a node with a blue lymphatic channel (stained node) with high radioactivity (hot node) was identified and diagnosed as the SLN and was sent to the pathologic department for frozen section examination. If there was >10% background radioactivity, more sentinel nodes would have been detected. However, if there was <10% radioactivity of the first node in the axillary basin after SLN removal then surgery could be terminated. [10] In addition, all of the surgeons of the team were experts and had passed the learning curve for SLNB.
We performed the biopsy in two hospitals, so we had two radioactivity detectors. The gamma-probe (navigator) system with sound effects counts radioactivity of the node in 10 s and shows the number. The higher activity of the node is shown with a higher green number and higher sound. The Euro probe system has a similar function but uses color changes as well. The hot node has a higher sound and number and is indicated by a red color. The probe has two sizes, one for the axilla and smaller incisions like for parathyroid or nonpalpable mass surgery. Both of the detectors had good sensitivity that did not influence the detection rate. [11] In addition, if the node was just hot with no blue staining or was not hot but had blue staining, it was recorded separately on a checklist. Then we examined the frozen section to detect SLN metastasis. After axillary node detection, the surgeon did the proper breast surgery for the patient (lumpectomy or mastectomy). We evaluated the local complications of the dye injection after surgery.
The study was approved by the Ethics Committee of the Mashhad University of Medical Sciences, Mashhad, Iran (Code No. 2293). All patients signed an informed consent form to participate in the study.
After collecting data, we used SPSS version 11.5 (SPSS Inc., Chicago, IL) to analyze the data. We used the Chi-square test for qualitative parameters and the independent simple t-test and Mann-Whitney U-test for qualitative parameters to compare the two groups. We used logistic regression to evaluate local complications. A P < 0.05 was considered significant.
RESULTS
We had 312 patients, and their mean age was 51.5 (11.8) years old. There were not any significant differences between the two groups in the demographic data like age, tumor size, number of detected sentinel node and histopathology [ Table 1 ]. Mean tumor size was 2.45 cm (SD = 0.8). Range of detected SLN was 1-3 lymph nodes in each surgery. In 120 (38%) of the patients, the SLN had metastasis as was shown in the frozen section examination and so the surgeon did axillary dissection. Figure 2 shows the range of tumor size in the patients.
Sentinel lymph node detection rate was not significantly different between the two groups Table 2 shows the SLN detection rate between the two groups. We had no skin necrosis; however, blue tattooing of the skin [ Figure 3 ] was significantly higher in the patent blue group with 23.7% versus 14.1% (P = 0.03) and local inflammation was higher in the MBD group with 3.2% versus 0.6% (P < 0.05). Table 3 shows local complications in both groups. We had no systemic complications, but local complications were recorded in 27 patients (17.3%) in the MBD and in 38 (24.3%) in the PBD group (P = 0.125). Local complications were relieved without any other surgical intervention.
DISCUSSION
We use radiotracer and one kind of blue dyes (Patent Blue or Methylene Blue) for SLN surgery in our early stage breast cancer patients. The comparison between the two groups showed they are similar in demographic data and histopathology of tumors. SLN detection rate was not significantly different between the two groups; it was in patent blue patients 80% versus 77.5% in MBD alone. In combination of blue dye and radiotracer, we had an acceptable detection rate in both groups at 94.2% (147 patients out of 156) in the MBD group and 92.4% (145 out of 156) in the PBD group (P > 0.05).
Sentinel lymph node biopsy in early stage breast cancer patients (no clinical axillary lymphadenopathy) reduce complications associated with complete axillary lymph node dissection. It is also the preferred method of breast cancer staging in women with early breast cancer who are clinically node negative by a physical examination and imaging studies. [2, 3, 12] In addition, the combination of blue dye with a radiotracer increases the detection rate of SLNs. [5, 6] However, between the different types of blue dye, none of them is the gold standard in SLNB according to the current literature and local or systemic complications with different detection rates have been indicated. [5, 8, 9] These complications are allergic and nonallergic reactions like skin rash, and erythema, and systemic reactions like urticarial and anaphylaxis and interference with pulse oximetry, skin, and body fluid discoloration and local complications like skin necrosis. [9, 13, 14] Isosulfan blue dye is one of the most popular dyes under study for SLNB in breast cancer research, even in our country. However, concerns regarding its systemic reaction, especially in higher rates of anaphylaxis reaction, exist [15, 16] PBD is another routine dye in SLNB that is used in our country, and some authors have reported anaphylactic reaction after its use. [17, 18] MBD has been introduced as an available, cheap, and safe dye with very low systemic reaction. [9, 19] Nonetheless, some studies have reported blue discoloration of the skin, [20] local inflammation, and skin or fat necrosis after MBD injections. [5, [21] [22] [23] However, most of the necrosis was reported after peritumoral and subdermal injections. [21, 24] In our study the differences of tumor size, age, histopathology, rate of lymph node metastasis were not statistically significant between the two groups understudy. The detection rate for blue dye alone was 77.5% in MBD and 80.1% in PBD. Furthermore, it was lower in MBD, but that was not statistically significant (P > 0.05). Wallace et al. reported 64.1% (No of nodes) and 88.5% (No of patients) detection rate in 148 patients (209 detected node) with Vital Blue Dye alone, and 98.6% by radiotracer and dye and these results were higher than ours. [25] With a combination of blue dye and radiotracer we had acceptable detection rates in both groups; 92.9% in PBD and 94.2% in MBG (P > 0.05) and this was similar to Pesek et al.'s meta-analysis article. They concluded that a radiotracer should be used with blue dye to reduce the false negative rates in SLNB. [26] We had lower detection rates in both groups with blue dye alone than the combination group. However, Takamaru believes that because of the limitation of gamma-probe equipment in some centers, using dye-guided SLN alone reduces unnecessary axillary dissection in breast cancer patients. Takamaru et al. reported a high detection rate with blue dye alone in 96.8% of the 374 patients they studied. [27] The range of sentinel nodes in his study was between 1 and 10, but we had 1-3 nodes in every surgery and perhaps this was the reason for lower detection rates in our patients with dye alone.
There are more reports of anaphylaxis related to the usage of patent blue and Isosulfan blue than MBD, but skin necrosis was more common after MBD. [28] Reyes et al. reported two patients with skin necrosis after MBD injection. [21] In our study, none of our patients needed more surgical intervention due to dye complications.
We had local inflammation in 5 (3.2%) patients from the MBD group in comparison with 1 (0.6%) in PBD and blue tattooing in 14.1% in MBD and 23.7% in the PBD group (P = 0.03).
Our result showed more local inflammation in the MBD group and more tattooing in PBD. Zakaria et al. reported on three groups of 308 patients with different injection sites and concentrations of methylene blue. They concluded that subareolar injections and lower concentrations had lower complications (2%) in comparison to peritumoral and high concentrations (21%) (P = 0.0003). [5] They reported 99.7% overall detection of SLNs. In our study, we injected MBD into the subareolar, and we had a good detection rate (94.2%) without any necrosis.
Govaert et al. conducted a retrospective review of 33 patients, and they showed that intradermal injections of patent blue caused long-term blue discoloration of the skin in the injection site. [20] Also, Varghes et al. used MBD with the subareolar and subdermal injection method and found it safe and effective in SLN detection with only blue tattooing as a complication. [29] The two study results are similar to ours; however, we had a shorter follow-up than Govaert's report. Moreover, we had no systemic reactions or skin necrosis in our series, and we had a significantly lower rate of blue discoloration in the MBD group than PBD. We had good detection rates with MBD compared to PBD with a low complication rate and no systemic reactions in our patients. Due to the low rate of these complications and rare anaphylactic reactions to methylene blue, larger studies with more patients than what was in our study are recommended. [30] 
CONCLUSION
Our results suggest that MBD is a safe and cost-effective dye with an acceptable detection rate and low complications and could be used as an available blue dye in SLN surgery in breast cancer patients.
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